ABSTRACT: A series of in situ and aquarium experiments were conducted in the vicinity of the Bailey Peninsula area (Casey Station, East Antarctica) to investigate the bioturbation behaviour of the Antarctic spatangoid urchin Abatus ingens (Koehler 1928). Rates of sediment transport by A. ingens were estimated from measurements of locomotion rates, sediment reworking depth and feeding rates. A. ingens bioturbates and feeds on the surface sediment (top 1 to 2 cm) by pushing diatom communities and sediment ahead and to the side of its track, thus increasing vertical and horizontal sediment transport. Over a 24 h period in situ, A. ingens spends prolonged periods of time stationary (16.7 h) and only short periods of time in locomotion (7.3 h). In the aquarium, however, A. ingens was observed to spend half of the time moving and the other half stationary. Locomotion rate measured in the aquarium was faster ( 
INTRODUCTION
Spatangoid urchins bioturbate the sediment via nonselective deposit-feeding, burrowing beneath the sediment surface and during locomotion (Chesher 1969 , De Ridder et al. 1984 , Hollertz & Duchene 2001 . Their bioturbation is important in maintaining infaunal and microbial community diversity (Widdicombe et al. 2000) , the exchange of solutes across the sedimentwater interface (Bird et al. 1999) , the breakdown of sediment-bound contaminants (Thompson et al. unpubl . data), nutrient and particle mixing (Yingst & Rhoads 1980 , Sandnes et al. 2000 , and increasing the depth to which oxygen penetrates (Osinga et al. 1995 , Widdicombe & Austen 1998 .
Some spatangoid species (e.g. Echinocardium cordatum and Brissopsis lyrifera) burrow 15 to 20 cm below the sediment surface and have a funnel, connecting the burrow to the sediment surface, which is used for respiration and feeding (De Ridder et al. 1984 , De Ridder & Jangoux 1985 , Hollertz & Duchene 2001 , Hollertz 2002 . Sediment particles may be trapped in the funnel passively or actively by the funnel-building tube feet, and then are transferred to the ventrallylocated mouth by specialised tube feet (phyllopods). Spatangoids are, therefore, able to feed on both surface and sub-surface sediment, ingesting organic detritus, bacteria and infaunal organisms (Mortensen 1927 , Yingst & Rhoads 1980 . Deeper sediments with low organic content are thought to play an important mechanical role in the digestive processes of spatangoid urchins .
Spatangoid spines are used for burial and locomotion (Smith 1980 , Kanazawa 1992 . During burial, metachronal waves transport sediment upwards, i.e. from below the oral face to the aboral face (Hollertz & Duchene 2001) , and consequently move deep sediment towards the surface.
The spatangoid Abatus ingens (Koehler 1926 ) is endemic (native) to Antarctica. It mostly occurs in water depths of between 2 and 761 m, and does not burrow beneath the sediment surface (David et al. 2000) . The average length of an adult is 60 to 70 mm (David et al. 2000) . Like many Antarctic benthic species, A. ingens is a brooding species with as many as 149 juveniles recorded from the pouches of a single female (Lockhart et al. 1994 , Poulin et al. 2002 .
Casey Station is an Australian research station located on the Bailey Peninsula in East Antarctica. The local benthic environment has low sediment resuspension rates because, for much of the year, it is protected from wave action by sea-ice and there is little tidal movement compared to many temperate and tropical regions; thus, bioturbation is possibly the main pathway for sediment reworking. In several shallow (< 35 m) bays in the Bailey Peninsula area, spatangoids such as Abatus ingens, A. nimrodi and A. shackletoni are common, and it is hypothesised that they are important contributors to sediment reworking because of their size and abundance.
This study aims to characterize the bioturbation behaviour of the burrowing spatangoid Abatus ingens through field and aquarium studies. Sediment transport, locomotion rates, sediment reworking depth and feeding rates were measured in order to calculate sediment reworking rates and to quantify the role of A. ingens in some Antarctic sediments.
MATERIALS AND METHODS
Stations and sampling. Casey Station (66.28°S, 110.53°E) is located on the Bailey Peninsula adjacent to an area of low rocky islands known as the Windmill Islands (Fig. 1) . On the southern side of the Bailey Peninsula is O'Brien Bay, which is 3 km × 2 km and up to 80 m deep. The underwater topography of O'Brien Bay is gently sloping with large expanses of sediment 5 to 20 cm deep (85%), with boulder outcrops (15%) and no macroalgae. The sediment floor is covered with a film of diatoms and supports various mobile macro-invertebrates (e.g. Abatus sp., asteroids, nemerteans).
Sediment was collected from O'Brien Bay (OB2; Fig. 1 ) in November 2002 by divers using 15 l polyethylene buckets at ~15 m depth. Sediment was frozen (-20°C) for 24 h to defaunate the sediment, then thawed and sieved with a 500 µm sieve and left to settle. Approximately 5% (wet volume) of the sediment collected was retained on the 500 µm sieve and sediment < 500 µm was used in all the experiments.
Specimens of Abatus ingens were collected from O'Brien Bay (OB1; Fig. 1 ) in December 2002 by divers at ~15 m depth. To reduce stress to the spatangoids caused by transportation, each specimen was placed in a separate 1 l container underwater by divers and transported in the containers to the aquarium at Casey Station. The animals acclimatised in aquaria on sieved sediments (~5 cm depth) for 1 wk before the experiments. Sea water in the aquarium was aerated, and maintained at -0.5°C (± 0.2) and 34.0 psu (± 0.5) for the duration of all experiments.
Logistical constraints prevented divers from collecting urchin specimens from the same location as the sediments; however, both sampling stations within O'Brien Bay (OB1 and OB2) had similar underwater topography, faunal composition and sediment characteristics.
Bioturbation behaviour observations. Fine-scale movements of Abatus ingens were recorded (2 s of recording every 30 s for 4 h) on a time-lapse digital video camera (Sony Mini DV). Locomotion and bioturbation behaviour, including metachronal spine activity, rotational movement, feeding and rocking/bulldozing behaviour, was observed on 12 urchins separately (width = 5.2 cm [0. Based on the method of Gilbert et. al. (1996) , frozen sediment layers containing 30 g luminophores l -1 of wet sediment were laid on top of each other in trays lined with 300 µm mesh. The bottom layer contained no luminophores (8.0 cm thick), the next layer up contained green luminophores (0.5 cm thick), followed by a layer with no luminophores (1.0 cm thick), and a layer with pink luminophores was laid on the surface (0.5 cm thick).
Trays were deployed in O'Brien Bay (OB1; Fig. 1 Nine weeks after deployment, divers placed 4 corertubes (21 mm internal diameter) per tray in the tracks behind the urchins and in the control sediment. Trays were then lifted to the surface where the sediment cores were retrieved immediately and sectioned into 1.0 cm intervals. The sediment samples were subsequently oven-dried (60°C) for 24 h and then broken up with mortar and pestle. Sub-samples (1.0 g) were spread out under UV light, where the green and pink luminophores were counted.
Urchins from the trays were collected, and the numbers of coloured luminophores in their guts were counted to estimate the depth to which Abatus ingens feeds.
Rate of locomotion. In situ: A time-lapse digital video camera (Sony Mini DV) was connected to a small computer and placed into an underwater housing. The computer controlled operation of the camera and two 12 V lights (MR11 HID dive lights fitted with Solarc lamps) powered by two 12 V batteries. The lights, housing and batteries were all on a frame supported by 4 legs. The computer was programmed to turn on the 2 light sources for 5 s every 20 min during which the camera recorded 1 s of footage. The lights (and camera) were turned off between filming to reduce bias caused by permanent illumination.
Divers deployed this camera system in O'Brien Bay (OB1; Still frames of the urchin's position were captured from the digital video using Media Studio Pro v.5 every 8 s (i.e. 2.6 h real time). Shorter time increments were used if the distance travelled between the 8 s increments was greater than 10 cm. The images were analysed using Adobe Photoshop Elements v2.0 software and the urchin's position was plotted at each time increment. The distance covered over the duration of the experiment was measured and the average rate of locomotion per hour calculated (n = 12). In addition, the distance moved during light and dark periods was calculated to determine the effect of light on locomotion rates. Since specimens of Abatus ingens were not caged in, some individuals passed through the camera frame, while others permanently remained in the frame. For A. ingens that moved into or out of the frame, the distance moved by the urchin was averaged over the number of hours they remained in the camera frame.
Aquaria: A time-lapse digital video camera (Sony Mini DV) was used to record (1 s every 5 min) the position of 6 urchins in 1 round aquarium (85.5 cm diameter) over 96 h, from which locomotion rates were calculated. The camera was mounted above the aquaria. This experiment was consecutively repeated twice with different Abatus ingens specimens (n = 12 urchins) and the same urchins used in the 'Bioturbation behaviour observations' experiment were used here. The tank was illuminated with a 60 W pearl light for the duration of the experiment and was shaded to exclude reflective light on the water surface. The sieved sediments were very fine (41.1% sand, 57.0% silt and 1.7% clay) and to maintain good water clarity in the aquaria, sediments (~10 cm depth) were added to the aquaria tub and frozen before water (~40 cm depth) was gently added. Once the sediments thawed, the urchins were added and allowed to acclimatise to the new aquaria for 10 h before the experiment commenced.
A 5 cm × 5 cm grid was placed at the bottom of the tank prior to the start of each experiment to provide calibration of the videoed area. Still frames of the urchin's position were captured from the digital video every 30 s (i.e. 2.5 h real time), and the images and locomotion rates were analysed as for in situ footage described above.
Ingestion rates. Luminophores (125 to 425 µm) were added and thoroughly mixed in with previously collected and sieved sediment (30 g luminophores l -1 wet sediment). The sediment and luminophore mix were frozen in plastic aquaria tubs (27 cm × 32 cm). The tubs were placed in chilled water aquaria baths and seawater was decanted onto the frozen sediment. Sediment was 4.0 cm deep with 10.0 cm of over-lying water.
Once the sediment had thawed, the urchins (n = 2 per aquaria tub) were placed onto the sediment traced with luminophores and left to feed. The urchins used were not starved before their use in this experiment. Three Abatus ingens were removed from selected aquaria tubs 1, 5, 15, 24, 45, 72 and 97 h after commencement. All sampled urchins were immediately frozen at -20°C to stop gut movement. The urchins were subsequently thawed and their guts dissected into 1.0 cm sections. The 1.0 cm gut sections were oven dried at 60°C for 24 h and the dry mass recorded. Each 1.0 cm gut section was analysed for the presence or absence of luminophores. The presence of luminophores in a gut section indicated that the sediment in that section had been ingested during the experiment. The sediment ingestion rate for each individual (n = 21) was calculated by adding the dry weights of sediment in all gut sections containing luminophores and dividing by the duration of the experiment. Abatus ingens used in this study ranged from 4.1 to 5.6 cm in length, 3.2 to 4.9 cm in width and 2.0 to 2.9 cm in height. To account for differences in A. ingens gut length, the percentage of total gut weight ingested since the start of the experiment was calculated by dividing the weight of sediment ingested by the total gut content weight. The gut passage time was calculated from the time needed for luminophores to reach the last section of the gut.
Sediment particles from all spatangoid gut samples and from aquaria sediments were analysed for grain size using a Malvern 2600 C laser particle size analyser. Particles were separated into 3 size categories: sand (> 63 µm), silt (2-63 µm) and clay (< 2 µm).
Bioturbation rates. The average surface area of sediment reworked for each Abatus ingens per hour was calculated by multiplying the average distance (cm) covered by a spatangoid in 1 h (D) by the average urchin width (A w ; cm). To calculate the volume of sediment reworked, the area reworked was multiplied by the estimated depth to which the urchin burrowed during locomotion (S d ; cm). The volume of sediment ingested was not added to the reworked volume because observations indicated that ingested sediment was taken from the area in front of the urchin, which would otherwise have been displaced as A. ingens moved forwards. Statistical analysis. Data from the sediment displacement study was analysed by a 2-factor analysis of variance (ANOVA) design, using the statistical package GMAV (Underwood & Chapman 1998) . The treatment factor, presence of Abatus ingens, was fixed and the second factor, tray replicates, was random and nested within the treatment factor. The number of each colour of luminophore from each 1.0 cm section of replicate cores (n = 4) taken from trays with and without bioturbation, were tested against each other. The effect of location on the rate of locomotion was tested using a 1-factor ANOVA design with 2 fixed levels (aquaria and in situ; n = 12). Differences in locomotion rates during day and night hours were tested against each other using a 1-factor ANOVA with 2 fixed levels (day or night; n = 12). The effect of duration of feeding was tested using a 1-factor ANOVA design with 7 fixed levels (hours of feeding; n = 3). To determine whether A. ingens selectively ingests particles of a particular size, differences in grain-size in the gut and in the aquarium sediments were tested using a 1-factor ANOVA with 2 fixed levels (location; n = 8). Similarly, to estimate A. ingens feeding depth, differences in coloured luminophores within the gut were analysed using a 1-factor ANOVA with 2 fixed levels (colour; n = 8).
Homogeneity of variances were analysed using Cochran's C-test and, if heterogenous, were transformed (Snedecor & Cochran 1989) . A significance level of 0.05 was used. When a treatment factor was significant, the differences between levels were determined using the Student-Newman-Keuls test (SNK test).
RESULTS

Observations of bioturbation behaviour
Typically, Abatus ingens burrowed into the sediment to a depth of 2.0 cm, so that only the basal part of the test was buried. At no time was it observed that A. ingens completely burrowed beneath the sediment surface.
Analysis of the time-lapse video from in situ and aquarium studies showed Abatus ingens moving through the sediment with a slight rocking motion (< 5°o n either side of the axis), pushing surface sediment off to the sides and exposing the underlying sediment to the water column (Fig. 2) .
When stationary, Abatus ingens rocks and rotates on its axis; these movements cause sediment to be moved from below the test to the dorsal side and also cause the urchin to sink into the sediment to a depth of 2.0 cm; therefore, sediment is still being turned over when A. ingens is stationary and bioturbation rates are greater than those based on forward movement only.
The in situ time-lapse camera recorded a spatangoid urchin righting itself in just under 4 h, after being tipped upside down by a passing fish.
Sediment displacement
In the absence of Abatus ingens bioturbation, the pink and green luminophore layering remained largely separated (Fig. 3a) , while the luminophore layering in the trays with A. ingens bioturbation was clearly mixed (Fig. 3b) . In trays with A. ingens bioturbation, there were significantly fewer pink luminophores in the 0 to 1 cm layer and significantly more green luminophores than in the undisturbed rays (Table 1 ). This is due to A. ingens pushing aside the top 0 to 1 cm of sediment (containing the pink luminophores), thus exposing the deeper layers containing the green luminophores. The absence of luminophores below 4.0 cm suggests that A. ingens does not rework sediments to this depth (Fig. 3a,b ).
There were significantly more (F = 14.37; p < 0.05; n = 8) pink than green luminophores in the guts of urchins sampled from the trays; indicating that Abatus ingens feeds predominantly on the surface 0 to 2 cm layer. Even though there were more pink than green luminophores in the top 2 cm of unbioturbated sediments (Fig. 3a) , the ratio of green to pink luminophores in sediments from A. ingens gut (1:10) was greater than the ratio in the nonbioturbated sediments (1:3). This demonstrates that the greater numbers of pink luminophores in A. ingens gut are not an artefact created by the predominance of pink over green luminophores in the sediments. 27 SD]). The fastest rates (averaged over 96 h) recorded were 3.27 and 1.05 cm h -1 in the aquarium and in situ respectively; while the slowest rates were 0.10 cm h -1 (aquarium) and 0.05 cm h -1 (in situ). Over a 24 h period in situ, A. ingens spent prolonged periods of time stationary (16.7 h) and only short periods of time in locomotion (7.3 h). In the aquarium, however, A. ingens spent half of the time in locomotion and the other half stationary. In addition, A. ingens moved significantly (F = 5.57; df = 1; p < 0.05; n = 12) faster during light hours (0.61 cm h -1 [1.10 SD]) than during periods of darkness in situ (0.09 cm h -1 [0.14 SD]).
Rate of locomotion
Sediment ingestion
Sediment ingestion rates based on the rate of progression of luminophores through the gut, after at least 5 h after commencement of the experiment, were 0.02 to 0.06 g h -1 (dry sediment) ( Table 2) . SNK tests demonstrated no significant variability between the rates of ingestion for the period 5 to 97 h after commencement of the experiment. The mean gut content weight was 2.73 g (0.93 SD) (dry sediment; n = 21) and ) was significantly higher (F = 7.94; df = 6; p = 0.007; n = 21) than for any other period. This is an artefact created by mixing recently ingested sediment in the first gut loop (between the oesophagus and the caecum). This mixing moves some of the recently ingested sediment (represented by the presence of luminophores) further along the gut than would occur by sediment ingestion alone. Mixing in the foregut was inferred because the concentration of luminophores in the fore gut after 1 h was very much lower (37 luminophores g -1 dry sediment) than in subsequent time periods (535 luminophores g -1 dry sediment after 97 h). Luminophore concentrations in the other gut sections did not increase over time. For this reason, sediment ingestion rates reported here for Abatus ingens do not include the first hour of feeding.
The sediment gut passage time for Abatus ingens was 72 to 97 h, with only 1 individual not completing the process after 97 h (Table 2 ). There was no significant difference between sediment particle sizes in A. ingens gut and the surrounding sediments ( Table 3 ), indicating that A. ingens does not select for particular particle sizes. Sediments used in this study had 60% water content and a wet sediment density of 1.482 g cm -3
. From these values, the mean dry sediment ingestion rate per hour of 0.043 g equates to a wet sediment volume of 0.046 cm 3 .
Bioturbation rates
In the aquarium, the average area of sediment reworked per individual was 8.96 cm 2 h -1 (5.52 SD) and the volume reworked was 17.93 cm 3 h -1 (11.03 SD); based on the average Abatus ingens width of 4.6 cm (0.79 SD; n = 51). In situ, however, the average area reworked was 1.38 cm 2 h -1 (1.26 SD), while the volume reworked was 2.76 cm 3 h -1 (2.52 SD). Based on in situ dark and light locomotion rates, each Abatus ingens will, on average, rework 0.83 cm 3 h -1
(1.30 SD) of sediment during dark periods and 5.61 cm 3 h -1 (10.31 SD) of sediment during light periods.
DISCUSSION
Abatus ingens pushes aside the sediment surface during forward locomotion, resulting in the displacement of sediment and surface living diatom communities ahead and to the side of the track. As the top 1 to 2 cm of sediment is pushed aside, the surface oxygenated sediments (to the side of the track) become buried and the underlying sediments (within the track) are brought to the surface and exposed to the water column. Upward movement of sediment was confirmed by the presence of luminophores on the dorsal side of the test after 1 h of feeding during the ingestion experiment; thus, A. ingens increases both vertical and horizontal sediment transport. Sediment below 4.0 cm remains undisturbed during forward locomotion; however, these deeper sediments may be displaced by rocking and rotating movements that are associated with burial during the 'stationary periods'.
Temperate and tropical spatangoid urchins (e.g. Meoma ventricosa, Brissopsis alta and Echinocardium cordatum) move 7 to 27 times faster than Abatus ingens (Chesher 1968 , 1969 , Buchanan 1966 . Within individual species, low temperatures are known to reduce the locomotion rates of spatangoid urchins. For example, Schizaster canaliferus reduced its locomotion rate from 0.5 to 0.2 cm h -1 when the water temperature decreased from 20 to 12°C (Schinner 1993) . It has been suggested that low ambient temperatures (-1.7°C) may force Antarctic benthic organisms to exhibit generally lower locomotor activity and growth rates in order to conserve metabolic energy (Brey & Clarke 1993 , Arntz et al. 1994 , Knox 1994 . This is consistent with our observations that locomotion rates of A. ingens are considerably lower than spatangoids from warmer waters.
The documented effect of light on spatangoid locomotion rates varies between species. For example, Plagiobrissus grandis (Hammond 1982) will increase its activity during the day, while Meoma ventricosa (Chesher 1969 , Hammond 1982 is more active at night. During the winter months in Antarctica, there are days without any sunlight, while in the middle of summer there can be 24 h of light. Abatus ingens was more active during daylight hours at a time of year when there is diurnal variation of irradiance. Although we demonstrate a correlation between irradiance intensity and activity of A. ingens, our experiments were not designed to test whether there is a causal relationship; however, if activity is linked to irradiance intensity, sediment reworking rates may be higher over the summer months than during winter. Studies over the Antarctic winter months would be required to determine whether locomotion rates are consistently slower during the extended period of winter darkness.
Other factors such as food availability also vary from summer to winter (Arntz et al. 1994) , possibly influencing Abatus ingens locomotion speed. Certain spatangoids are known to move faster in areas of low food availability (Hammond 1982) and will regulate their feeding depth or location depending on food availability and quantity (Hollertz 2002) . Like most spatangoids, A. ingens is a non-selective deposit feeder with respect to sediment grain-size and feeds on organic rich sediments in the Bailey Peninsula area (0.6 ± 0.03% TOC [w/w dry mass; n = 21]). Brissopsis lyrifera typically lives in an organic rich environment and has ingestion rates (0.02 to 0.08 g h -1
) and gut passage times (75 h at 7°C) that are similar to A. ingens (Hollertz & Duchene 2001) . In contrast, Echinocardium cordatum lives in nutritionally poor sandy habitats and has an ingestion rate 6 to 19 times higher than A. ingens; and when starved, E. cordatum will ingest more surface sediment than normally fed individuals (De Ridder & Jangoux 1985) . This suggests that spatangoids may ingest more sediment and will move faster when the organic content is low in order to obtain the required nutrients. However, experimental studies have shown that B. lyrifera increases ingestion rates when placed in microalga-enriched sediments (Hollertz 2002) .
The volume of sediment reworked in situ by Abatus ingens is 75 times greater than the volume of sediment ingested. Similarly, Hollertz & Duchene (2001) reported that Brissopsis lyrifera reworks 60-to 150-fold more sediment by moving through the sediment, than 141 from sediment ingested; however, it is suggested that the small amount of sediment ingested is still important in the reworking of sediments because of biochemical modification of sediments within the gut.
Abatus ingens moved 6.5 times faster in the aquarium than in situ. This may be attributed to differences in environmental conditions between the aquaria and in situ; such as light intensity (Chesher 1969 , Hammond 1982 , dissolved oxygen levels (Nichols 1959 , Chesher 1969 , sediment characteristics (Buchanan 1966) and food availability (Hammond 1982) . Only a few locomotion rates have been calculated from in situ measurements (Chesher 1969 , current study), while the majority are calculated from aquaria studies (Buchanan 1966 , Schinner 1993 , Hollertz & Duchene 2001 . Unless aquaria conditions can replicate the spatangoids habitat and environmental conditions exactly (which seems highly unlikely), locomotion rates calculated from aquaria studies must be interpreted with caution. This caution also holds true for ingestion rates calculated from aquaria studies, as spatangoids may increase or decrease their 'normal' ingestion rate depending on aquaria conditions.
In situ bioturbation rates of Abatus ingens are similar to the range of rates reported for Brissopsis lyrifera (3.5 to 4.7 cm 3 sediment h ; Chesher 1969). The estimated volume of sediment reworked was calculated by multiplying the forward displacement by the average test width and burial depth. These values, therefore, represent a minimum volume reworked, as they do not include sediment turned over as a result of burrowing and rocking, or rotating on axis. Hollertz & Duchene (2001) found similar results and reported a 4-fold underestimate of sediment reworked by B. lyrifera when calculated on forward displacement only. The bioturbation rates in this study, which are based on forward locomotion, are therefore underestimated.
Abatus spp. occur in densities of 1.2 to 11.25 m -2 in sediments surrounding the Bailey Peninsula area (unpubl. data). Although Abatus is not numerically dominant in the nearshore benthic infaunal communities (Stark 2001) , it is one of the largest and most obvious disturbers of surface sediments. Other motile macrofauna such as nemerteans and asteroids are also present, but they do not disturb surface sediments to the extent that Abatus spp. do. Based on our in situ measurements of bioturbation rates (locomotion rate × depth of sediment reworked × average A. ingens width) and the densities of Abatus spp. in the Casey region, we estimate minimum sediment turnover rates of 3. ). This equates to the top 2 cm of sediment being reworked 2 to 17 times per year. To our knowledge, no studies investigating the bioturbation potential of other Antarctic benthic species have been reported.
Information on the bioturbation behaviour of Abatus ingens and other motile macrofauna will help in predictions of sediment turnover rates in Antarctic sediments and will contribute to a greater understanding of how benthic particles are mixed. This is important for interpreting sediment stratigraphies for applications such as the investigation of past biological communities (Cremer et al. 2003) or environmental conditions (Taylor & McMinn 2001) . It will also contribute to a better understanding of fundamental sediment processes such as nutrient mixing, oxygen penetration and the establishment of layers of different redox potential.
At Casey, and at some other Antarctic stations where anthropogenic contaminants have been introduced into the marine environment, information on bioturbation could contribute to decisions on how contamination is best managed. Bioturbation may accelerate mixing of contaminants into deeper sediment layers where they could become unavailable for biological uptake. Alternatively, they may be transported to the surface and dispersed. Bioturbation may also enhance natural in situ bioremediation of contaminants such as hydrocarbons by sediment micro-organisms by helping to maintain sediment oxygen levels. In situ experimental studies are currently underway in O'Brien Bay to determine the interactions between Abatus ingens bioturbation, infaunal community recruitment and the residence time of hydrocarbon contaminants in Antarctic sediments.
